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EXECUTIVE SUMMARY 


EVALUATION OF THE PERCEFnON OF DESIGN ERRORS IN TOE 
CONSTRUCnON INDUSTRY 

Tic owner, designer and contractor all have dilFerent interests in, or uses for die 
design ol a lacility. But what diey do share is die coininitinent to complete die project 
salely tind widiin a given budget and completion dine. Tlicrc are many inidadves being 
conducted to control die grovvlli of cost anil schedule within the construcdon industry. 
Tlie major issue is “accuracy' of die drawings,” or die number of design errors, 
omissions and ambiguides witliin the plans and sjiecilicadons dial alFect die iiuality of 
die facility, Iiiadeiiuacies in die plans tuid speciticadons are die iiityor causes of 
changes to die contract. So much em{)hasis is placed on the issue of dine and cost diat 
quality takes a back seat. Idle quality of die project depends on die conlbnnance of die 
objeedves and requirements from die owner. An inlbnnadvc quality management 
teclinique will provide an agreement to procedures and detinidons among die princijile 
parties for die project. Since tlesign errors have an impact on die outcome of the 
etfeedveness of die contractor’s ellort on die project, it is essendal diat all parties 
detennine what the delinidon of a design error shoultl be. VVlien asked to define 
design error, not all disciplines in die construction process agree on a coinnioii 
delinidon. From die basic definition of design and error it can be determined that a 
design error is a deviadon from a drawing or specificadon. It is die seriousness of diis 
error diat must be considered to detennine its consequences on the overall outcome of 
the project Tliere have been extreme examples of tlesign errors .such as die Hyatt 
Regency walkway and Kemper Arena roof collapse - projects diat have wrouglit 
disaster alter die construcdon are completed, fliis paper examines die percepdon of 
die delinidon of design error among the principle parties in die construcdon industry, 
die major sources to project changes and the factors that control design and 
construcdon. llie paper flirdier examines die contributing factors to design errors, 
steps taken by firms and recommendadons to reduce design errors. 
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I. INTRQDUCnON 


\Mion asked to deline “design error,” not all disciplines in tlie construction process 
agree on a common delinition. Depending on wliich discipline you address, tlie 
owaier, the designer or tlie contractor tliere will be a common understanding 
surrounded by varied conclusions, “a mistake.” From the basic definitions of “design” 
;uid “error” we conclude that a design error is a deviation from a drawing or 
specification, also including omissions and ambiguities. It is the seriousness of tliis 
error that must be considered to detennine its consequences on tlic overall outcome of 
tlie project. One ol the most imjxirtant challenges facing management today is 
controlling the ;ill too frequent cost and schedule overruns Uiat elfect the constaiction 
industry (Diekmann and nirush, 198b). One of tlie major issues to control growtli in 
project costs and time is tlie reduction of design errors. 

Statement of llic Problem 

Design errors mdicate tlie total design ellectiveness of a project. Major design 
quality’ problems occur during construction when errors, omissions and ambiguities in 
plans and specilications become evident (Davis and Ledbetter, 1987). ITiis statement 
directs tliat the inadequacies in tlie plans and specifications are tlie niiyor causes of 
changes to the contract. "Fliere have been extreme examples of design errors such as 
the Hyatt Regency walkway and the Kemper i\rena roof collapse - projects that have 
wrought disaster after the construction are completed. "Fliese are examples of design 
errors that escaped the close scrutiny of all parties. One or two major errors that can 
be corrected with only cost considerations and litde effect on the schedule can impact 
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projects. The projects tliat really sull'er are those with many small errors (design, 
rework or change of scope) wliich when finally added up cause major impacts on die 
cost and scliedule growlli. dlirougli Da\is and Ix'dbcttcrs rcsearcli it was determined 
diat '‘accuracy of die design documents” was the most critical of die criteria used in the 
initial evaluation of design effectiveness. ITiis accuracy was furdicr dcscrilied as the 
couceni for the frecjuency and impact of cixors in the specifications anti drawings, lliis 
is due to the fact diat die drawings and siKcilications arc die most “readily itlentiliable 
outputs of die tlesigii process.” It is evennore important that the tjuality control of 
designs lx; atldressed dining the plaiuiing phase and closely monitored during die 
constrtiction jiliase. 


Obiccdvc of the Study 

dlie objective of this research was to collect tlata, tlirougli surveys and interviews, 
from die principle j)la\ers in the construction industry to determine their perception of 
what constitutes a design error, llirough this methodology' an analysis was conducted 
to examine some of the major contributing factors to design errors and at what level 
they aff ect cost and schedule growdi in construction projects. Tlie areas of focus were 
to determine if die principle parties: 


1. agreed on a definition of design error; 

2. were interested in the burden of responsibility for errors financially; 

3. ranked the factors that control design and construction under a common 
interest; 

1. believe diat computer aided draf ting has reduced the number of design 
errors and improved production; 

5. could assign a percentage to design errors in relation to all project 
changes. 
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11. WHAT IS A DESIGN ERROR 


Since design errors have an impact on die outcome of die ertectiveness of the 
contractor’s effort on die project, it is essendal dial all parties deteniiine what the 
tfefinidon should be. It is essential diat all die principle parties involved in die project 
get an up front agreement on die deteniiinalion of a design error, and how diey will be 
liandled when die>' occur. 

Definition of Design 

dlie basic definition of design, according to Webster, is “die making of drawings or 
{ilans to plan and fasliion die fonn and structure of an object to liave intentions or 
purposes.” llie quality of planning and design is one of die piiniary factors of success 
in any project endeavor (Chalahi, Beaudin and .Salazar, 1987). 'Die design includes 
every' aspect of die facility' coastruction including operation and maintenance, dlie 
design incorporates a set of specifications to guide the contractor in developing liis 
means and methods of construction. Figure 2-1 shows die traditional flow diagram of a 
design/construction method. 
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Architect- 

Engineer 

hired 



Figure 2-1. "FradiUonal How diagram ol (icsigii/coristruction mctiuxl. (From GSA 

System for Construction Management, (general Services Administration, Public Buildings 
Service, Washington, DC, rev. ed., April 1975.) 


It is iniportaiit to note tliat witliin tlie contract, the desii^ier does not vv^irrant that it's 
desii^i, dravviiii^, s[x:ciiicati()ns <uid other sen ices will he Free From error. Competent 
desiipis ^ire subjected to the influences oF design inputs From numerous sources, vvhicli 
multiplies tlie jx^ssibility oF error. 

Detinidon oF Fjror 

An error is defined, according to Webster, c\s “a deviation From acairacy or 
correctness; a mistake, as in action or procedure; an inaccuracy, as in speaking or 
writing.” Tliere are basically tliree types oF errors: imperfections, non-confbnnancc 
and omissions. Imperfections arc deviations in deUuls that have no iilTect on the 
assembly or Facility (Davis and Ixdbetter, 1987). lliey require very' little correction or 
can be left as an acceptable condition, dliere is no cost adjustment or time delay, 
lliese errors are generally not recorded, only identified in die As-built drawings For 
Future knowledge. Non-conFonnance errors are diose diat do not meet the 
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sp)eciilcations and require corrective action (Davis and Ledbetter, 1987). ITiese errors 
are produced tlirougli p(K)r [project scope, rework, by die contractor or design errors. 
"Die final error is an omission of any part of a system diat has lieen left out resulting in 
a departure from die established re(]uirements. lliis includes design and construedon 
(Davis ;uid lx;dbetter, 1987). In tenns of design only, it is necessarv’ to detemiine if the 
error(s) were due to negligence by tlie designer, wliich will detemiine if he is 
responsible financially for any cost impact due to die error. 

Delinidon of Design Error 

From the ev aluadon above a simple delinition of design eiror is “a deviadon from 
the plans and s|xxificadoiis.” It is not the intendon of diis definidon to include any 
cost or schedule giowlli or insinuate its root causes or legal responsibility. It is die 
responsibility of the owner, designer and contractor to establish die criteria in order to 
make a reasonable detemiinadon for responsibility. Tlie survey shows a common 
dieiiie, that of a mistake or error in die design, llie survey also indicates several 
reasons why design errors exist and who cause dierii. Tliis provides evidence diat diere 
is not a concise definidon widiin die constmedon industry. Table 2-1 lists a sample of 
the dilTercnt responses to die definidon of design error. 
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DP:nNrnoN of ot^sicN error 


()wiicr rcsfK)nsc 

1. An error or omission in the plans and s[>ecilieatJons vvliu li must be eorreeied in 
order to provide a iac'ility which is conit)lete juid useable, iu\d which achieves die 
design intent. 

2. A reasonable i)rudent designer neglected his duties, which resulted in an error or 
omission juid caused (hunage. 

d. Errors, omissions and mnbiguities in die construction document reciuiring 
inodifu adons to correct. Cost for diese modilicadons need not be present for 
them to be considered design errors, 
h Errors that are reasonably foreseeable (luring design. 

3. Kit(M's caused either by incomidete design data or conllicting design informadon. 
(). Mistakes in drawing details or system design that i)revents i)roject from achiev ing 

objeedves in (luality tierformance. 


Designer resix)nse 

1. Items clearly identilied as incorrect or a result of not being (xx)rdinated within the 
documents. 

2. Flaws in the t)roject design that ('an not be constructed or provide die juidcitiated 
{lerformance as (let)icte(l or specified. 

d. Misinterpretadons of the owners’ desires vs. die program developed by the 
designer. 

h Flans and/or sjKxifK'adons diat are inconsistent or incorrect to an extent over iuid 
above the stniuhird expected for die industry. 

5. .Vny item of work in die contract documents which is inconsistent vvidi die design 
intent, as detennined by die Jirchitect of record, at die dnie die docunients tire 
issued for construedon. 

d. Failure by designer to peiibnn dudes under die ('ontract which causes a loss by die 
owner and/or contractor. 


Contractor response 

1. Mistakes and omissions to die contract documents diat affect die facilides intended 
use. 

2. Errors diat are direedy related to die designer diat delay and/or add cost to die 
project. 

3. Mistakes or omissions in die project docuiiientiidon reladng to plans and techiiic'al 
specilicadons. 


Table 2-1. Definition of Design Error. 
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llie responses were primarily reflecting the interpretation of errors as eitlier a non- 
compliance or an omission. No responses alluded to an error as an imperiection. It 
can be detennined tliat tliis was because tliey do not alTect cost and/or schedule growtli. 
dlie owners’ responses staled tliat errors cause damage and reciuire modiiications to 
cure. Owners also Ix^lieve that eiTors keep the facility from becoming complete juid 
useable. Designers’ established the definition to include poor coordination or tlie 
inabilit}' lor the facilit\' to perfonn ;ls depicted. Contractors stated that design errors aie 
directly attributed to the designer and alfect tlie facilities intended use. From tliis 
evaluation it is evirlent tliiit all tliree agree the design error will clfcct (jualit}' 
perfoniiance. 

()nc response attributed blame for design errors to the owner, designer and 
contractor tlirougb the use of poor ciuality as-built drawings. .\t flic end of a project the 
contractor is retjuired to submit an as-built construction set of drawings to flie owner to 
document actual construction created by changes to flic original design documents. 

Ilie as-built firawings are provided for flie benefit of tlie designer and contractor where 
future clTorts may be influenced by tliis project. Design errors could occur in future 
projects because: 

1. Previous as-builts were not accurate. The fault would lie wifli flie 
previous project participants. 

2. The designer of flie new project did not put the “good as-builts” to 
proper use. 

3. Designer did not conduct adequate field investigation to substantiate 
as-builts. 
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It is not die intcndon of this report to determine the industry definition of design 
errors, but radier to show the diversity of its possible meaning vvidiin die industry. It 
clear that die principle parties must agiee during the design phase as to die 
understanding of a design error, its severity and how to correct die discrepancy. 











III. CONSTRUCTABIUIT 


'Hie owner, designer and contractor all have dillerent interests in, or uses for die 
design of a facility. But what diey do share is die conmiitnient to complete die project 
siilely and widiiii a given budget mid coinpledon time. Tucker and Scarlett (1986) 
stated dial diere are many problems that are encountered during the construction 
[ihase such as: constructability, maintainability, late or inaccurate drawings and 
expensive changes during constniction. dliere :ire research inidalivcs being conducted 
to identily the problems widi design constructability, looking primarily at die quality 
and elliciency of the design and how to reduce design errors. Die Constincdon 
Industry Institute defuies constructability as the “opdnium use of construction 
knowledge and experience in {ilanning, design, procurement and llekl operations to 
aclue\ e oxerall project objecdies. 

Sources of Changes 

Wliat actually causes cost and schedule growdi in projects? lliere are many factors 
that can be attributed to die causes diat ellect construedon costs and schedules. It has 
been documented diat “changes” during die project create die majority’ of cost and 
schedule growth. It is the impact of diese changes that need to be monitored in order 
to determine the net effect on cost and schedule overruns. In a report conducted by 
Hester, Kuprenas and Chang (1991), a consensus showed die numerous tyiies of 
“sources of changes” on construedon projects. A list of those is provided in Table 3-1. 
Tliey clearly documented diat the most conuiion type of cliange was an alteradon to 
die project scope. Tlds included unexpected developments at die site (unforeseeable 
condidons) as well as a cliange in die owner’s requirements. Through the survey for 
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SOURCES OF CHANGES 

❖ 

Clarilicadon of work 

*:♦ 

Substandard Work 


.\dditioncaJ Work 

❖ 

Cluuige In Scojx^ 


Cluuigcd Site conditions 


1 Unforeseen Conditions 

❖ 

Substitutions 

❖ 

Owner-caused Delays 

❖ 

Ambiguous Specifications 


l ack of Knowledge 

❖ 

Omissions in SiK'cilications 


Chips in Contract Dcxiiments 


Design Frrors 


Increased Sco{)e 

»:• 

DiUcring Site Conditions 

❖ 

Pr()ject Rlivthm Intemipted 

❖ 

Delays 


Discretionarv Changes 

❖ 

Improj)er Actions by Contracting 


Vhilue Fjigineering 

❖ 

() nicer 

Dclicient Site Investigation 

❖ 

Xhmdatorv' Cluuiges 


Table 3-1. Sources of Changes (Adapted from "^Construction Changes and 
Change Orders: Their Magnitude and Impact,” 1991) 


) 

this report it is (locuinentccl that change of scope is the lar^^est contributing Factor to 
cost growtli and time extension. However, tliese changes are often dinicult to control 
due to tlie n^iturc of tlie owner’s vicissitude in requirements. It is a marketing strategv' 
based on the Pareto principle, tJiat in order to reduce costs you do not necessarily 
attack the condition tliat contributes the hirgest percentage of tlie i)roblem; ratlier v ou 
attack the problem tliat will have tlie greatest ovenill elTect on reduction. Figure 3-1 
shows the average percentage assigned to the three main categories of project changes. 
Tlie Uiree main categories being rework, design errors and change of scope, llie 
‘‘otlicr” categorv' refers to changes due to codes, value engineering, weatlier cUid 
unforeseen conditions. 

Of 100% of project change orders, 36 J5% is attributed to change of scope, lliese 
are clianges due to the owner altering liis requirements or unforeseen conditions at tlie 
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Figure 3-1. Average Percentage of EriDr* per 100% of Project Changes 



jol) ')ilc. nicre is little control over these situations. Design errors made up 29% ol the 
eontrihiition to |)roject chtuiges. Designers and contractors have the in:injtgeri;il tools to 
1 educe this jtereentage signihc:uitly thus, having a major impact on reducing project 
eh.'uiges. llie s;une condition holds for the contractor’s control over rework on die job 
site. 

Die percentage lor oUier dealt vvidi jiroject changes associated vvidi code 
requirements, unlbrescen conditions, weadier and value engineering. Code 
retpiirements are the responsibility ol the designer and are part of the design review. 
Cixles are subject to interpretation, lliat interjiretation is not set in stone and can be 
overturned even during die construedon phase. As stated earlier no one can control 
unloreseen conditions assuming diere ivas proper field invesUgation and all die 
inlbnnadon concerning the project vvas disseminated. No one can control die weadier, 
only working condidons in die weadier. 


II 





































Figures 3-2 and 3-3 show the percentages of project changes with respect to the 
values assigned by tliose surve>ed. In Figure 3-2 the correlation of responses among 
tlie principle parties shows that change of scope is the major percentage of project 
changes. A major factor for tJiis is the o\erwhelming response hy designers. In tlie 
calegor}' of design errors, owners and contractors regartled design errors as the major 
reason for pn)ject changes while designers suggested tliat tliese were die minimum 
cause of jiroject changes. 

Figure 3-2 provides the individual relationship of die principle parties and dieir 
res|X)nses to the project change percentages. .As indicated from the figures die two 
major project changes are scojie of work and design errors, dlie following secdons of 
diis cha[)ter will discuss these topics and evaluate responses from die survey. 
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Ki^rc 3-2. Project Change Percentage Ratio per Control Factors 



□ OWNER B DESIGNER □ CONTRACTOR 


Figure 3-3. Project Change Percentage per Principle Parties 



□ REWORK BDr:StGN ERRORS DCHANGE OF SCOPE DOTHER ■ O 
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Scope of Work. 

It is tlie goal of the owner to select a designer who will develop a project to meet liis 
objectives and priorities or scope of work. A poorly defined scope of work will create 
undesirable results, increase the cost and time of die project and cause dissention 
between die ov\Tier, designer and conU-actor (Cbalabi, Beaudin and Salazar, 1987). 
Serious problems occur wben the owner, designer and contractor do not have an 
idenucal understanding of die scojk: deiinidon. dliis re(|uires greater communicadon 
lietwecn the project pardcipiuits. Pcxir scope defmition is likely to result because, “the 
emphasis in today’s economy is to spend as litde nione\- as possible to get as much as 
possible in the shortest period of time possible" (Cbalabi, Beaudin and Salazar, 1987). 
Without a good idea or what is to lx; done: 

Proper planning c;innot lx; accomplished 
*1* Realistic schedules ;md budgets cannot be produced 
K* Many changes will be made as the project progresses 

(Diekmann and Thrush, 1986) 

Scope deiinidon is also dependent on die owner’s knowledge. .An unknowledgeable 
owner depends on odier members of liis management team to ensure a quality 
[iroduct. lliese owners have no interest in die design phase and are not concerned 
widi any dilferences diat may occur during die construedon. Tliere are some owners 
who do not know how to read a set of drawings, making it more diflicult to e.xplain die 
concept as perceived by the designer. A knowledgeable owner is sometimes 
considered a designer’s and contractors best client. He knows what be wants and 
condnues to monitor the program. Soniedmes owners perceive their role in project 
control as giving direcdon to die project team and monitoring the progress by being on 
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site (Diekniann and llirush, 1986). Tlic degree of jjarticipation on Ixihalf of die owner 
is ;uiodier item dial should lx; discussed up front. 

It is argued diat die selecdon of die designer is die most important vaiiable diat 
inllnences the design outcome, dlierefore, it is a \er>' important responsibility of the 
designer to detennine die owiier’s objectives and, dirough die design pliase accurateh 
rellect tlie owner’s project retiuiremeiiLs dirough dcwelopmeiit of plans and 
specilicadons. It is essendal that the designer and die owner then fully review the 
Iireliniinary package in order to ensure that the designer has understood die owner’s 
objecdves. It is now die responsibility for the [ilans and s{x;cilicadons to relay die 
iiiteiidons of die defined project scofx; to die contractor. Now, an undesirable situation 
occurs: the contractor has not shared in die planning tuid conceiit of design, 
traditionallv discussed only iK’twcen owner and designer. He can only rely on liis past 
construedon experience to trv’ to inteniret and understand die reasoning of die owner 
;uid designer when conlronted widi a problem. From die research by Ciialabi, 

Beaudin and Salazar (1987) die contractors responding to die survey slated, “We can 
build whatev er the designer gives us, in spite of die contract. It will just cost more.” 

"Hie contractor is able, during die bidding process, to intiuire about problems diat are 
verv' obvious. But during diose few weeks he is concentrating on developing a bid and 
not reviewing details for errors. It is not to insinuate diat die contractor cannot diink 
for liimself but radier diat communicadoii is a key ingredient. Contractors arc willing 
to bid on jobs with poor scope delinidon so diey can get die job. Because of die 
uncertaintv' surrounding die work diat is produced by an ill-delined scope, a greater 
amount of comniunicadon is needed lx;twcen owner, designer and contractor and dieir 
management personnel (Diekman and Tlirush, 1986). 
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Scope Changes 


CliJuiges to the scope during construction are anotlicr growth producer and can lead 
to design errors. .\s defined by die Construction Industry Institute, a change is any 
ev ent that results in a niodificadon of die jiroject work, schedule or cost. Owners and 
designers initiate changes to rellect chiuiges in project scope or preferences for 
ectuipnient ;uid materials origiiiaJK specified (Hester, Kuprenas and Chang, 1991). 
dlie project may lx; modified to accoimiiodate unexpiected dev elopnieiits at the site or 
in the owner’s reiiuireiiients. In die goveniment, many jirqjects are designed ;uid then 
liinded years later. In tliat time frame the customer for die facility has changed and 
jilong widi it liis re(]iiirenieiits. dlie new owner will tiy to have changes made to die 
design package. If approved, diis requires the designer to make major modilicadons in 
a short period of time thus providing avenues for errors. Hie survey confers diat a 
majorin' of die chiuiges to a jiroject, 36.7,5%, come from change of scoix;. If die owner 
is willing to pay for die clianges he requires dien diere is no problem. He must he able 
to accept an increase in die construction schedule as well. 

dlie conU'actor considers unavoidable changes as scope changes due to die 
unl'oreseeable condidon dial e.xists at time of construedon. Included are die changes 
diat are diouglit to be design errors but are created due to lack of scojie delinidon not 
provided to the designer by die ovvaier. 
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Design Errors 


It used to be that designers were hmidled witli kid gloves and not held tinancially 
responsible tor JUiy errors or omissions in the construction documents. Rarely did the 
owner look to the designer, but would simi)ly [)ay for the change and tell the contractor 
to iiLike it ha{)pen. Today owners mid even some contractors i\rc going Tter the 
designer lor eiTors, omissions mid mnbigiiities to the drawings. From the eiU'lier 
discussion conceining the Pmeto principle, it is c\c:<\r tlirough the figures in Figure 3-1 
why it would be henetici^il to reduce design eiTors. On die average those surveved 
indicated that design eiTors iiKike U|) 28% of the contract changes. Considering till the 
administrative mul legal costs dissociated with correcting design errors diey make mi 
dittractive tm get. From the owners’ response thdit 3f^¥) of project chduiges dire caused by 
design errors, there would lx: substmitial sdivings for them in reducing design errors. 

Hie smile is tnie for the contractors who consider 35% of contract chmiges are cdiused 
liy design errors. In today’s market it is not economically feasible for die owner or 


Figure 3-4. Percentage of Change Orders caused by Design Errors 
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contractor to accept tlie overhead costs tliat an error associates with a project. 

It is increasingly dilTicult to prove that tlie designer is responsible and should co\er 
(he costs. But it Ls easy to reineniber errors from {tast projects and use tliis as an 
liistorical precedence to detennine an expectable level of retjuirements for the next 
project. \Mien a contractor is accused of delicient work, tliere is no proof retjuired for 
die inunefliate correction to die work. He is required to fix the problem on his own 
time and widi no com{x;nsation. 

dliere are stweral contribudng factors diat create a catal\ st for die making of design 
en'ors. 

*1* Designers lack of construction knowledge anti experience 
Insulllcient funds to create quality documents 
•i* Insullicient time to create and review (juality documents 
*1* Inck of coordinadon between principle players and other 
disciplines 

Ill-delined or unclear scope of w ork 
*1* Human error 

lliese factors will be discussed in Chapter SLx. 

Davis and Ledbetter (1987) consign to the required establishment of design quality 
control and/or assurance to become an integral part of design. As stated earlier, die 
designer does not warrant diat it’s design, drawings, specillcarions and other services 
will be free from error. Tlierefore, die principles to a construedon contract need to 
establish up front through a comprehensive quality control program what is an 
acceptable amount of design errors and what diey consdtute. Burgess (1984), in 
defining quality assurance, gives some basis from wliich to understand quality design: as 
“those planned and systeniadc acdons taken to provide confidence dial die prorluct 
design will sadsfy die requirements of its intended use.” Davis and Ledbetter (1987) 
provide insight as to whether a reduedon in errors is a correladon with improved design 
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quality management or just taking time to do it right It seems that today we need to 
rely on improved design quality management, due to the factors of cost and time, 
hoping tliat die services were produced right die first dme. 
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IV. RESPONSIBILITY FOR ERRORS 


"Ilie survey used in tliis research indicates overwhelmingly that tire designer should 
be held responsible for tlie design errors and pay for tire correction. If tlie designer 
created the errors tlirough die production of die drawings and specifications dicn he is 
responsible. Before it is deteniiined who is responsible for an error it should be clearh' 
documented what t>pe of error it is and what caused it. dlie contractor can not lie held 
responsible for design errors unless he was involved in die design review and provided 
direcdon of means and mcdiotls for construction to design by. tjTors diat stem from 
incomplete data or conllicting design inl'oniiaUon can be shown the responsibilitv' of 
die owner. W'idi an ill-defined scope the designer will attenijit to produce a design that 
meets the owners objeedves and reiiuireiiients. A design package will be presented for 
approv al and if die owner does not give die designer a clear scope of work, even al ter 
lui “approv ed for design package” is released, it dien becomes the responsibilitv’ of die 
owner. 

Proving Negligence 

Negligence by the designer is defined as failure of a professional to e.xercise die 
reasonable care and skill observ'ed by members of their profession in the same or 
similar circumstances. The Government recjuires that the costs of design deficiencies 
be documented for recovery. 
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Tlie Anned Service Procurement Regulation requires tliat whenever 
a construction modification results from an error or an omission in 
plans and specillcations, die construcdon engineer shall consider 
and (hxrumcnt in die condact file die extent to wliich die A/E is 
responsible. 


CjQvemiiient Burden of Proof 

111 order for die (kneniment to hold a tlesigner tiiijuicialh' liable for an error, it 
must show diat under similar circumstances, a re;tsonable prudent designer would not 
ha\'e neglected his duty of due care wliich results in error or omission and causes 
damage to die Ckwenuiient. dlie (io\ eminent hears the burden of pro\iiig each of the 
tbllowing: 


1. lliere was a deticiency in die designer’s work. 

2. dlie deticiency was a result of an error or omission by 
die designer including a breach of it’s contractual duty of 
skill and care 

3. Idle error or omission resulted from negligence of die 
designer 

1. ITie error or omission resulted in damages to die 
Government (additional costs) above diat wliich would 
liave been incurred il die original drawings or 
specillcations had been correct 


dliis process is both time consuming and e.vpeiisive. It was for these two reasons die 
government reduced its direction to pursue A&E liability. Today the govemment is 
re\italizing its liability program due in large part to slirinking construction budgets and 
die quality' process of choosing linns to produce constmedon documents. 
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V. FACTORS THAT CONTROL DESIGNS AND CONSTRUCTION 


Constructability Pyramid 

nicrc has been a huge swing in the factors th;it dictate the control of design ;uk1 
constinction. In the ejuiy 1900’s owners dein;mded liigh quality facilities to show their 
we.'ilth or prestige to the rest ol the world, dlie structure was to make a strong 
statement of longewity ;uul spie. dlie>’ understood tliat Uiis (juality took time ;uk1 would 
cost considerable money, dlie constnictahility pyramid t<x)k the fonn found in Figure 
.3-1. Cost was a major consideration hut it did not control the project as much as tlie 
other factors. 



Figure 5-1. Constructability Pyramid of the Past. 

d’otlay, we want it “now”, we want it “cheap” and we want “a lot” of it, and somehow 
during the process, “do not get hurt accomplisliing iL” Unquestionably tlie number 
one factor that controls design and construction today is cost. Cost is an important 
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consideration in any design evaluation, but Icxjking at cost alone does not consider the 
effects of design upon construction of operations (Tucker and Scarlett, 1986). 
'nicrefore, it was the intention of the sur\'ey to have the principle pjuties prioritize the 
other major controlling factors of Speed, Qualit}', Quantity and Safety. Respondents 
were jcsked to priorinze the list of control factors in order of imjx)rtimce on a .sc.ile of 
1 - t. with 1 being the most im{x)rt;mt. A scoring v;ilue w;is then assigned to the 
res|X)nses ;is tdllovvs: 

Prioritization order; 12 3 1 

Scoring \ aluc: 13 2 1 

dlie tot.'d scoring value w;us detennined and di\ided by the number of resixuises for 
each categor}'. 'Hic overall results are pnnaded in Table .5-1. 


Table .5-1. Average Relationship of 
Control Factors 


3.5 



SPEED QUANTITY QUALITY SAFETY 
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From die data gathered, die factors of die coiistnicdon pvTajiiiil are reorganized and 
;ire prioritized Jis shown in Figure 5-2. dlie intention of diis section is to discuss die 
criteria for die prioritiziidon. 



Figure ,5-2. Constructability Pyramid as Determined by the Principal Players. 


1 al)lc ,3-2 provides a hreakdovvii of the res|X)nses for the owners, designers and 
contractors showing tlieir collective importance towards each of tlie controlling factor. 
Fable 5-3 graphically shows each of the controlling factors and the value assigned by 
the owners, designers and contractors. "Hie succeeding sections provide an assessment 
of each of tliese controlling factors based on interviews witli some of tlie res{X)ndents. 
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Tabic 5-2. Relationship of Importance of Control Factors to Principle Parties 



'Fable 5-3. Relationship of Principle Parties to Control baclors 


4.5 

4 


3.5 




Speed 

Quantity 

Quality 

Safety 

□ Owner 

3.86 

2.43 

2.43 

1.26 

■ Designer 

2.43 

1.86 

3.26 

2.43 1 

□ Contractor 

2.83 

1.83 

3.33 

2.00 ! 
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Speed 


Table 5-4. Speed Cooirol Factoi’ 



□ Owner BDesiipicr □ Coairactor 


llic (lata indicated that the major concern lor project accomplishment was speed, 
lliis is pailicul.'U'K’ tnie lor the owners. For ex;un[)le, in the hotel industr\', for ever\' 
day lost not operatint; there is a major loss in convention ;uid lodging re\enue. For 
commercud owners the liister the linished facility caii generate funds the (luicker tlie 
pay otf, profits :irc achieved ;uid other investments can Ixj initiated. Speed w;us not as 
criticid to the designer or contractor, dlie designer prefers more time in order to finish 
drawings ;uid to ccxirdinate with other disciplines, "lids can assure tliat the design 
development will be driven by (juality and not time. "File time frames recjuire too much 
too fast dius producing die fuel for errors, dlie designer has to decide which drawings 
will pro\ide a prcxluct to satisfy the requirements, dlie juialysis of time and its reladon 
to Computer Aided Draldng (CAD) will be discussed hiter. It will be noted here diat 
die development of FAX macldnes jukI computer draldng became enemies to die 
designer because now die owner expects results overnight. Hie design professional 
must dien make decisions diat may lx; less than desirable, dlie issue ol dine for die 
contractor was iirimarily die brevity of prepaiing bid docuiiients. Wliereas, die 
designer is given several mondis to prejiare the d(x:iuiients, die contractor is only given 
several weeks to review and cost out die project. 
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QualLtY 


Tabk 5->S. Qnik^ Cootrol Factor 


3 

3^ 

3 

15 

I 

OJ 

0 


2.43 



3 Owner > Dcsi^cr □ Cootnctor 


"Hic ncxl level down on die pvTJuiiid is (iu;ilil>. From die intemews conducted this 
is the major issue involving the reduction of design errors. From die Construction 
Industn Cost Filectiveness Report (198d), “by coiiunon consensus and eveiy available 
inetLsure. die I iiited States no longer gets its money’s worth in constnicdon, die 
nation’s largest industiy.” ddiey continued that diis condition is caused by the 
“inadequate ;ind ouPnoded management iiractices.” dliere have been gre.it strides in 
getting lx.'tter value with die use of Quality Control and Quality .\ssurance packages. It 
is evident through tliis survey diat diere is still room for improvement. 

llie d;ita from die survey shows diat designers considered quality’ to be die major 
factor in die relationslrip of die odier variables and of liigher concern dian die odier 
jiarties. dliere would be reason lor concern if die data did not support diis evaluation. 
File quality of die documents cretited by die designers establishes die quality die 
contractor will demonstrate on the job site, lliis substantiates the design documents as 
the catalyst for die entire project. It is obvious, die greater the quality of drawings die 
easier it is for die contractor to confonii to the owners objectives and requirements. 
Quality criteria alTect all phases of die design process producing a quality constructed 
facility. This process is shown in Figure 5-3. 
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Figure 5-^^. FJcnicnU of Quality Design Proeess. (Adapted from FJwood G. 
Kirkpatric, Quality Control for Managers and Engineers, Jolm Wiley & Sons, 
Inc., New York, 1970, p.5) 


dlierc iwe scvenil rciLsoiis why (jiudity is not e^tsilv’ or automatically acliicvecl during 
the constiTiction process: 

❖ Hie reciuirements themselves are not always adequately 
described 

Idle environment for construction is unstable 
A construction project may be driven by cost or time and 
considenitions of quality may be subservient to 
considerations of cost and time. 

(Davis and Ijcdbetter, 1987) 


llie Construction Industry’ Institute states dial (luality is a “confonnance to 
established requirements.” It is not a measure of goodness. In die report by Davis and 
Ijedbetter (1987), one of dieir conclusions consisted of the development of a simple 
fomiula to detennine die cost of quality (T) in die design, construction and start-up 
phase of a project. It consisted of two parts: die cost of quality management elTorts (M) 
and the cost of correcting deviations (D). 
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r - M + D 


Hie cost ot die deviation focuses on not only direct and indirect costs but also the 
impact deviations may cause, lliese impacts would include die delay or disrupdon to 
one acdvitv- that may or may not have an elTect on tuiodier and any lidgadon it would 
endure. 

Figure d-1 commonly shows die reladonsldp between iiutdity costs and ix;rcentagc of 
deliciencies. It shows die coiiveiidoiiiil wisdom diat an increase in e.xpenditures on 
prev endon and appraisal is accompaided hv’ a decrease in die percentage of defects, or 
a higlier quality level (Davis and Ixdhetter, 1987). 


COST 



100% 

DEFECTS 


0% 

DEFECTS 


Figure 5-4. Cost Versus Quality Level - Classic View (Adapted from 
“Quality Cost and Profit Performance’ 1984) 
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QuaiUilv 


Table 5-6. QuanOty Coatrol Factor 



Qu;uUit\' is delined ;is a property by vvlrich somclluntt is measured, "lire owner 
responds to tire idiom ol vv.uiting more lor less. Da\is and lo^dbetter (1987) 
detennined tliat today the construction industry is looking lor (juantity in design vvidi 
less emphasis on (juaJity. It is JLSsumed Ural the more drawings for a project tire less 
likely tliere will be ambiguities and changes. According to designers having more 
drawings is a two way street. Wlienever a lot of irrlonnation is provided it lends itself to 
nrore errors. On tire otlrer hand more details are covered and tire contractor, who 
appreciates lots of details, can put togedier a clearer jricture of die project. In dealing 
widi die means and mediotls of construcUon die contractor is capable of deciphering 
some details with small errors. When die error repeats itself diroughout die document 
die contractor requires a Request for hifomiation (RFI) to clarify die problem. 
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Tabic 5-7. Safety Control Factor 


3 

2J - 

J 

IJ - 

I - 

0.3 

0 - 


Wlicii conlroiUcd with the tenn s^ilcty tlie ^cnenil response Ironi desii^iiers and 
contractors in the constmetion held is, "S^dety First/' From the data collected it seems 
s;dety is not first hut hust. From the inteniews conducted it is hy no ineiuis indicated 
that sidety is not impoilmit on the job site rather it is not as high a piiority in the design 
[)lnise. Designers m e reciuired to design according to building codes, life sid'ety codes 
;md zoning regulations. Wliat is not considered is die design ofsalety vvidi regiirds to 
actual constmetion techniciues. It luis been the responsibility ol the contractor to 
establish all saiety criteria in accordance vvitli the constmetion project. 

Various factors such rts: the constandy changing site conditions and |3ersonnel, the 
temporarv^ nature of the workplace facilides, die existence of atdtudes and praedees that 
are counterjiroducdNe and or unsalc and a v^iriety of odier lesser factors combine to 
make the constnicdon site a very hazardous place to work, llie problem in 
construedon is compounded by die intensely competidvc n^iture of die industr\’, where 
short-mn expediency in cost-cutdng are^is such as safety and healdi often seems 
attraedve and even necessary^ for business survival (Barrie and Paulson, 1992). l^t 
year alone diere were 2100 deadis and 205,000 disabling injuries in the constmedon 
industry. Tliere have been great strides to eliminate deatlis and accidents but diere are 
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many factors that are out of the contractors’ control. Prior to the contractor starting 
construction on government jobs, he is required to provide a comprehensiv e safety 
plan. Work can not proceed until tlic saf ety plan is approved approved. During 
construction the contractor is governed by OSHA regulations ajid is heavily lined for 
producing an unsafe action. 

Ilie contractor is solely resiionsihle for the means and mediods lor consUoiction. 
'Die plans and specifications for the project govern liis safetv' plan, llie designer only 
crosses the responsibilitv' line when he tells the contractor how to do it instead of what 
to do, riiere have Ix'en atteinpLs by OSHA to increase tlic design professional’s role 
;uid exposure to prosecution and liability for construction safety (Hinze, 1997). lliis is 
perhaps vvh>' designers are reconsidering tliat safety will l)e an e.xtrcmelv’ imiiortant 
factor in tlie control of design. 


Partnering 

f low docs Partnering relate to design errors? Tlie purpose of Partnering is to open 
a line of communication between all parties involved prior to commencement of 
construction, llie Construction Industry' Institute (CII) defined partnering as: 


A commitment between two or more organizations for the purpose 
of acliicving specific business objectives by maximizing the 
effectiveness of each participant’s resources. Tliis requires changing 
traditional relationsliips to a shared culture without regard to 
organizational boundaries. This relationsliip is based on trust, 
dedication to common goals, and an understanding of each other’s 
individual expectations and values. (Construction Industry Institute, 
1995) 
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Prior to partnering, the design input was between the owner and designer and any 
resolution from contract issues would be between owner and contractor. Tlie goal is to 
prevent disputes and reduce lidgation. To create a cooperadxe attitude, each part>' 
must seek to understand die goals, objectives and needs of the oilier - tlieir “win” 
situation - and seek ways diat these objectives overlap (E<lelman, H)91). 

dlie tbllowing are benefits that, according to die Associatetl General Contractors ol 
.\jiicrica (1991), stake-holders acliieve from paruiering: 


( hvners: 

*1* A better (luaJity product as a result of focused energ>’ on the e 
construction project radier dian misdirected towards adversarial 
issues. 

*1* A lower construction cost by reducing delays, cost ovemiiis 
and administrative costs in tracking controversial and 
adversarial issues. 

*1* Reduced exposure to litigation by maintaining open 
conununication and resolving disputes ijuickly. 

Designers: 

*1* Increased role in the prosecution of die work. Produces an 
increased opportunity for value engineering suggestions 
and/or constructability changes. 

*1* Opportunity for a financially successfid project is increased 
when designers have a voice in die design process for die 
project. 

*1* Controlled involvement in the project reduces their 

exposure to litigation through dispute resolution strategies. 

Contractors: 

❖ Increased productivity for the project crews. Expedited 
decision making process allows reduction/climination of 
delays and realigning of work. Tlie crew can maximize their 
work elTort. 

*X* Realize better schedule and cost control for the project 
dirough die reduction/elimination of delay costs and cost 
overruns. 

*1* Realize lower administrative costs through the reduced 
exposure to litigation by maintaining open communication 
with the owner. 
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All parties involved in partnering must first understand the other member’s interests 
in die design of a facility. Once acliieved die design team can focus on die objectives 
juid requirements of die project in order to produce a (juality facilit}'. A cooiK'radve 
management sti le allows all die jiardes to agree to specific iiianagenient procedures and 
dellnitioiis for the project. Further, they can discuss die (luality of die design and 
addiess any discrepancies that need furdier investigation. "Hiis will reduce 
conlrontadon in die field and not liinder the contract schedule. D;uiiel Bums, Cliief of 
Construction Operadons, COE .\oilh Pacific Division stated: 


“"file end result of [of current ‘adversary management’l is a continuing upward 
spiral of risk anti cost: risk of die contractor going broke, risk of projects taking 
longer ditm necessary' for completion, and risk of significant cost oiermris. 
liiese costs do not go to proifucdve facilides, but instead to overhead, lidgadon, 
and contesting exfxjits. Partnering seemed to offer die opportunity of 
harnessing capabilides, talents, and jiosidve energies of bodi owner and 
contractor groups and focusing diem on mutually agreed-upon goals. It offered 
die opportunity for all parties to cliange jireconceived atdtudes in order for 
bodi to win in die long mn.” (Edelnian, 1991) 


riiis reladonsliip also lends itself for discussing die quandty of drawings required 
and if any design details lead toward unsafe praedees. Tlie contractor can feel that he 
has some contiibudon to die design input and liave an influence on the design 
documents related to the means and mediods of constrticdon. Tliis has been proven 
to reduce the number of changes due to errors, omissions or ambiguides in die design 
(Constnicdon Industry Insdtute 1996). Tlie contractor will be able to reduce delays 
and rescheduling and can independendy make intuidve decisions in the field, dfie 
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owner can once again hear the stated objectives and priorities and ensure everyone is 
on track. 

Implementation of Computer Aided Drafting 

'Oirougli die growing evoludon of the microcliip, die computer has Ixicomc an 
essendal part ol ever\ day life, dliis includes die integral applicadons of project 
jilanning and construedon. Wddi its adv anced teclmologv', universides liavc made 
computer draJdng a required course, llie registradon e.xani lor arcliitects has become 
computerized and requires die individual to test his cnicicncy to design vvidi a 
computer. Are they being tested on computer skills or design? The answer is both. 
“Tlicrc is die need for such [X'ople to become more knowledgeable about die 
capabilides and limitadons of computers and dieir related software for construedon 
planning and control,” (Barrie and Paulson, 191)2). As of this report the professional 
exam for engineers lias not included any related design elTorts. 

Widi the implementadon of CAD, it is important at this point to sec if it has aided 
in reducing the number of design errors and improving the produedon of design 
documents. A reoccurring comment from those interviewed in this research stated diat 
if a design error is not corrected and the detail is stored in tlie database tlien the error is 
destined to repeat itself. In a report by Choi and Ibbs (1989), C^AD offered eight 
“downstream” benefits that associated major savings with computerizadon. “All these 
items translate into improved cost elTccdveness in final products of engineering and 
construedon.” These are listed in Table 5-7. 
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DOWNSTREAM Bt:NEFITS TO COMPinT:RIZATION 


Development ol\ui electronic database valuable for continuous facility 
mmiagement. 

Better materials management ^ukI control. Avoidance of'shortages 
^uid siiri)luses. 

Imj)roved constmctability througli ciisier incor'i)oration of 
construction knowledge into design. 

Improved constniction schedules ^ukI ovendl {)rqjects schedules. 

Ix^ss field rework and fewer changes. 

Imt)roved plant o{)erabilit\' mid flexibility for owner needs. 

Better construction mid {)lmit s^ifetv. 

Iriwer "life cycle'' [limit costs by reducing operating mid maintenmice 
costs, including eiiergv' costs, through additioinii engineering 
capabilities. 

Iinjiroved proposal mid bidding jirocess. 

Better communication capability between mid within engineering and 
construction departments. 


"Fable 5-7. Downstream BenefiLs to Computer Aided Drafting (From “Cost 

FfTectiveness of Computerization in Design and Construction, 1989) 


"Fwo of die benefits diat are iisscxiated widi design errors provide a diirerent 
outcome from die responses to die survey mid interviews. Tliey are discussed 
below. 


"less field work and fewer chmige orders." Tliis statement reflects concerns for die 
area of design errors. According to die (luestionnaires 10O?6 of die responses declared 
that dial CAD had not reduced die numlier of design errors, llie computer cmi not 
indicate diat an error has been made in a detail drawing. ITiat can only be detennined 
dirough eyes on review. It is hunimi involvement diat created design errors whedier by 
liand drawing or computer. Someone has to provide the input to die computer. Now 
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that CAD has developed an increase in drawings so too has it increased the number of 
details and possibility of errors. 

'Hie perception among owners and contractors is diat CAD will reduce design time 
mid increase production, whereas the opposite is true. Designers are given die same or 
even less time to design and put die documents out on die street Owners assume diat 
with CAD die time required to create design documents should be less. C\AD will 
require less time if die facility' is a prototyix; of anodier project. 

From die interviews conducted, owners commented dial producdon in design has 
been improved only somewhat widi regards to making a lot of correcdons to die 
documents. Designers have ai'gued diat die inidal design of die project takes just as 
much dine on the computer fis it would to draw by hand, Protlucdon dme is only 
improved when, for example, lloor plans are copied to develop rellected ceding plans 
or to make changes to an item diat is affected on several lloors of a muld story project. 
From this point of view C.AD has gready improved the producdon capabilides. 
Contractors commented that computers have gready improved producdon in temis of 
scheduling work, estimating, and procurement and in some respects quality control. 

Designers have stated that the primary' reason Cx\D is adopted and used is because 
die owner expects iL Tlie inidal cost for a fum to computerize its operadons is 
tremendous with the hardware, software and training. The software is constandy being 
updated, which requires purchasing and retraining. This is an issue that must be 
accepted and condnuaUy optimized. 

With hand drafting there was a conscious effort to take drawings to another locadon 
and wait for drawings to be reproduced for review. The computer allows the simple 
push of a button on the keyboard to create a plot of many drawings without waidng. 
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Perhaps tliis improves production but it also creates an increase in tlie reproductions 
created for die project. Tlie cost of reproductions is passed on to the owner. 

‘"Better conununicadon capability between and witliin engineering and construction 

denartments.” Ilie coordination of dcx’uments between disciplines has iinpnned. 
althougb die iniprovenient has not lieen as great as expected. Wlien die engineer 
E-niails or gi\ es a disk of design data to die arcliitect, the arcliitcct dien prints out die 
inibniiation in order to visually coordinate the drawings. It sull takes an eve on review 
to coordinate all die odier disciplines drawings. Presendy die computer software does 
not have die capacitv to recognize discreptuicies Ixitvveen die different drawings. It is 
not possible to view the drawings on the computer screen because not all of the 
drawings will fit onto the screen. Wdiat the screen does show is a muldtudc of layers of 
drawings creating confusion. It is verv' diflicult to pick out errors in details on die 
viewing screen. Tlie drawings must be iirinted out so coordinadon can Ixi conducted. 
\VIicn a deviadon is located a comment is made and the disk is sent back to die 
engineer for revision. 
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VI. MAIQR CONTRIBUTING FACTORS TO DESIGN ERRORS 


Wlien asked on tlie survey' what are the major contributing factors to design errors 
die ov ervvhelining dieme was lack ol coordination. Responses to diis question are 
provided in Table 6-1. dlie prinian’ focus was on die lack of coordinadon between die 
dilTerent disciplines and considtants widiin die designers’ team. It is well known diat 
die coordination of die other discijilines is die hardest diing to do and often is ignored 
due to die sjK'ed wliich die contract docunients are reijuired to hit die street, llie lack 
of cixirdinadon due to speed exists in bodi die public and private sector. Of particular 
interest was a resjxinse by a contractor diat the owner hatl not coordinated with die 
designer. Oxirdination between die owner and designer is die cridcal factor in 
establishing a quality product. Irtck of ccxirdinadon stems from eidicr an unclear or ill- 
delined scope of work. .\n unclear scope is iiilbniiiidon diat is indistinct or much is 
left to the designers’ iniaginadon. .\n ill-rlefined scope is infoniiadoii diat is not 
properly conveyed or diat the objeedves and/or requirements are not specified 
precisely. 

Tlie (kiveninient responded on several occasions that the designer relies too much 
on die govenmient to review the drawings. On die one hand, as the owner’s 
representadve, it is the government’s duty to review and determine that die designer is 
widiin the scope of the project Tins is usually done at 30% compledon of die 
drawings. It should not be the govenmient’s role to decipher if the docunients are free 
of error. Tliat is the duty’ of the design professional. On private projects the A&E 
requires the owner to sign olfon the design package, out of courtesy a set is sent to the 
owner at compledon so he can follow the progress. The unknowledgeable owner waits 
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for the construction to get well under way before determining if die project is meeting 
liis objectives and requirements, dlie knowledgeable owner studies die documents and 
tries to stay aliead of die construcdon sequences. 

In response to the survey concerning what major factors contribute to design errors, 
()2% stated diat diere was insunicient time to create and review quality documeiiLs. It is 
perceived that if die designer is given appropriate dine to produce accurate anti usable 
documents then there will Ixi adeiiuate coordination. If the objeedves and 
requirements of the owner are achieved then a quidity product will prevail. 

Compensadon for die designers’ services has ;dvvays been a topic of debate. 
Designers liave Undidonally received a 6% fee of die esdmated govemment cost of the 
project. Owing diat die designer will ensure a profit, the amount of drawings produced 
will rellect die budget and perhaps the qualitv’ of drawings. 

Of particular concern are die responses indicating die designer’s lack of 
construcdon knowledge and e.xixirience. \ oung design professionals are engaged in an 
intcmsldp program where seasoned professionals instruct diem on die reladonsliip 
between details and construcdon mediods. Sitting in a drafting room lends litde chance 
to learn construcdon tccliniques. From discussions vvidi those surveyed diere seems to 
be no correlation between die drawings and actual construcdon techniques. “Tliat is 
die danger in just copving details from a database.” To compensate designers trv' to 
draw generic details requiring die contractor to fill in die blanks. Professionals must get 
out into die field and form first hand knowledge of construcdon techniques. Only dien 
can die designer properly detail die drawing for die particular site and project 

The final reference that was not mentioned but is a consideration is human error. 
Every'one makes mistakes. Mistakes are made from improper mathematics, speed, 
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lack of construction knowledge and miscoinmunication. Firms must take die time to 
review their work and discuss the project with its documents amongst the team. In the 
1800 ’s when accounting firms had the checkers to check die checkers of die ledger 
hooks it was to eliminate human error. With computers a common plirase is “garbage 
in - garbage out.” Human error can never be eliminated but it can be reduced widi 
more time allotted to reviews :md checking systenxs. 
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MAJOR CON^rRIBimNG FACTORS TO DESIGN ERRORS 


Owner response 

❖ Poor qualificaiioii ol die A&E. L^ick ot dniely iniiialive by (ienend 
Contractor/Conlraet Manager and trade contractors to control 
design errors. 

❖ Dick of [)ro[K'r field investigation imd dociiinent quality control. 

♦t* Dick ol ccx)rdination between disciplines. Owner changing design 
criteria late in tJie design process. 

❖ (xoveniinent spends loo much time reviewing die A&E’s work, llie 
A&E relies on this rev iew radier dian conducting dieir own. 

*1* Because oi funding controls, tiiere lacks a means to implement long 
range acciuisidoii {ihuining. d his results in a more frenzied design to 
more (luickly [)rovide a finished design. Haste makes waste. Plus, 
spending resuicdoiis lor design costs sometimes do not Jillow 
sufficient funding to do a qirility design. 

❖ Poor coordination and communicadoii widiiii the A&Es design 
team. Anotiier contiibuting factor is tliat die i\&E relies on die 
owner for review of die design package. 

*1* Inexperience of design professionals. Attempt to [iroduce 
maximum profit by minimizing staff. 

Designer response 

Coordiiiadon vvidi consultants and .Vrchitect. 

♦t* Misunderstanding die scojx'. Time. Lack of communicadoii and 
coordiiiadon. 

Ix>w budgets for design. 

*1* Inexperience of drafdng sUilT. Project Managers not understanding 
the scope of die project. Owner creadng a change of scope late in 
die design. 

*1* Miss-coordiiiadon between lead designer and consultants; and 
confusion created by owner decisions or indecision’s, and in turn 
lack of dine to projx'rly address items in the drawings and 
specificadons. 

Insuflicient oversight and design changes late in die process. 

Contractor response 

*1* Client not coordinadng as to what is required. Designer mshes out 
drawings before proper review. 

❖ Hack of construedon experience by die designer. 

Budget and dine pressure on die designer. 


Table 6-1. Msyor Contributing Factors to Design FTrors 
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VII. BARRIERS TO REDUCING DESIGN ERRORS 


When it comes time to determine what prevents parties Irom taking greater steps to 
reduce design errors, die linger poindng stops and realizadon steps in. First, all the 
major disciplines concur, according to die responses in Table 7-1, diat die dine it takes 
to produce a (jualitv’ set of design dcKunients is clearly not enough. .\t one time in the 
pjist someone decided how long a designer should he given to complete a design. 

Wliat was that based on? Possibly because some designers indicated diat they could 
get the job done faster diaii dieir coinpeddon so diey would get die job. dlie concern 
should not he time hut radier the quality of die design, and if it takes a little longer to 
produce then it takes a little longer, llie end result will he a complete and useable 
design diat die contractor can understand and use to meet die requirements of die 
owner. 'Hie owner gets a qualit}' product and reduced costs due to limited changes 
(except owner scojie changes) and virtually no litigadon. 

Idle dillicult diing to understand is diat if ever> one knows that dine is a major 
deterrent dien why isn’t soniediing done about it. One Government owner indicated 
that die excuse of dine as a factor is simply a crutch, wliile 71% of diose responding to 
die surv ey indicated that time was a major consideradon in prevendng linns from taking 
greater steps to reduce design errors. Tlie government constandy deals with end ol die 
fiscal year design packages diat must be released or lose the funding. Tliey are at dines 
forced to accept less dian coordinated designs. "Flie atdtude dien is take care ol any 
problems in die field with modificadons. As one resjxindent stated “Done is better 
than Good.” 
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If designers require and are not given, more time to complete and coordinate die 
linal product and everyone knows diat, dicn why do contractors and owners point 
lingers at die designer for soniediing lie can not control. If die designer does not follow 
his (piality control plan dien he most assuredly should accept die consequences of a 
[loor design. 

Se\eraJ of the responses stated diat prolit iiiodve was a factor. Ei ery one wants to 
iiijike a prolit. .\nd how is this quest saUslied? Finish aliead of Ume or just get done the 
necessan’ items in order to put the project on the street and get it built. If it meets the 
owner’s reiiuirements dien obviously they have a quality product, dliey also have many 
change orders, addidonal cost, adversjirial confrontaUons juid a constnicUon schedule 
that grows. 
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BARRIERS TO RFX)UCING DESIGN ERRORS 


Owner responses: 

♦J* Profit motive. Personnel turnover. 

❖ rsually time, by die time that a projeet is design released, we are at 
tlie end ol the fiscal vear. Wc are forced to accept a packiige tliat is 
less than coordinated. 

❖ Idle Federal bureaucracy is just to big too light through. 

*1* No time is what you will hear. In reality witli proper planning we 
could devote more time to all asjiects of design including die (]uality 
issue. 

❖ Cost/hme pressures and a lack of discipline. x\&Fs are nirely held 
accountable for the tine cost of their errors. 

Tsually the diive to produce a pniject faster. The client wants the 
job completed tomorrow' and does not giv e the A&E adequate time 
to do a really good job. “Done is better than g(xid.” 

♦J* Owner should design and contiTict. 

Designer resiioiises: 

❖ Time and expense. 

❖ '‘Paitnering” is a valued tool towards a successful prciject; it should 
be mandatorv' with most all projects. Also, contractor “alteniadves” 
to design documents related to means/methods of construction. 

f ime allowed on a project \ s. the budget. 

♦t* Money for design. 

In die current climate, it’s die speed of die process as dictated by 
owners and the business level which stretches personnel resources 
diat inhibits better results in die design and drawing process. 

❖ A major factor is adversiuial contracts diat attempt to push liability' 
from one party to another. Second major factor is time and fee 
pressure. 

Contractor responses: 

Time, compensation ^uid liability. 

Current workloads have design profession«als spread thin. 

❖ Time and money pressures. 


Table 7-1. Barriers to Reducing Design Errors. 
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VIII. STEPS TAKEN TO REDUCE DESIGNER tJtRQRS 


ir designers are given adequate time to complete design documents, do tiiey need to 
develop Quality Control/Quality .\ssurance plans? Tliis is an interesting question. 

From the suney linns have introduced dilTerent steps in order to reduce tlie number ot 
design errors, llie responses are provided in Table 8-1. W'^itliin die realm of Total 
Quiditv' .Management concepts, linns have developed Qualitv- Control plans as a check 
;uid baljuice system to reduce the number of design eiTors and reduce contractor 
rework, dlie reduction in errors :uid rework is {)ossible dirough Ixitter coordination 
within the dillerent disciplines, dliese plans establish criteria to review all the 
documents vvitliin the package. .\11 the coordination and reviewing can only be totally 
sened tlu'ough elTcctive conununication. 

()wners’ responses were fundainentallv' tlriven toward die designer obtaining and 
adhering to a Quality Control jilan. A Quality Control plan would consist of various 
reviews juid die incorjioradon of more field invesdgadons. 

One owner response requested a return to acUvely pursuing A&E liability towards 
design errors, lliis is necessarv' lor die design linns diat flo not accept die 
responsibility, governed by law, to ensure dvxumcnts diat arc complete and useable 
and virtually free of error. 

Designers indicated that they have taken steps to develop regular coortlinadon 
meetings between engineers and contractors enliancing die comniunicadon level. 'Fliey 
also develojied an out-of-house design review widi die contractor to discuss not only die 
current phase of the construedon but also die ne.xt phase (s). lliis fonvard diinking 
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allows the team to foresee any problems that might develop while there is time to 
correct them without liindering the construction schedule. 

Contractors are taking gre;iler steps to review the drawings using system checks. 
Although still operating under a time limitation, the contractor is devoting more assets 
to the up front review. Mter the bid award, the contractor continues to review the 
drawings eaiiy in order to reduce lewer project intemiptions. 
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S UTS TAKl'JM TO Rt:DUCE DESIGN PIUIORS 


Ovviicr rc^poii^c 

More review phases of docunieiiLs. Better guidelines tor design | 
protessionals. [ 

❖ Recpiire die A&E to submit his Design Quality Assumnee plan lor 
each [)roject. I he plan identifies responsibilities of die design team, 

1 he plan is tied to the design schedule so diat the owner’s Project 
Leader can \’isit the A&Ls’ olfice at cridcal points to make spot 
checks and assure that die A^kE is perlonning in accordance widi I 
the Quality Assurance plan, fhe owner has his own plan. j 

*1* Our local system has recentJy showed renewed interest in pursuing 
A&E liability. Assuming diat interest continues, the A&L 
community will respond with better quality designs to a\()id paying 1 
contractor re{)air costs which include large sums oi money for delay 
costs. j 

\\A talk a lot about it but \eiy litde is actually done. \\A ha\e tried j 

to emphasize die A&E firm's internal Quality CoiiLix)! program as ♦ 

part of die selecdon process. j 

*1* We emphasize (he submittal of the A&E’s Design Quality Control ’ 
pkm where die A&E spells out step by step how they will coordinate 
their work and disciplines. 

(Joing to design/build contmets to get us out of the middle between 
A&E and coiiQactor. j 

Designer response | 

Regukir coordinadon meediigs. Coordinadon of C.AD drawings 
between disciplines. Communicadon between disciplines. 

❖ Design review sessions in-house and widi contmetor out-of-house j 

document review. j 

Implement QiVQC procedures early in a project and check all ! 
products before diey go. 

❖ Design review and quality control review. 

❖ Clarify program elements to consultaiiLs; receive sign off on program 

elements from owner. , 

*1* Principal review, employee educadoin awareness of liability issues in 
our contracts. 

Contractor response 

Condnuous value engineering by Project Managers. 1 

♦J* Redi-check reviews are [X^rfonned during die design process, "fliese 
are used to check for errors and omissions. 

❖ Give designers more money and dme. 


Table 8-1. Steps Taken to Reduce Design Farors. 
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IX. RECQMMENDA nONS TO REDUCE DESIGN tJlRORS 


llie survey produced several feasible reconuiiendations, provided in Table 9-1, to 
improve die (juality of design and reduce die design errors to include omissions and 
juiibiguities. First ;uid foremost is resolving die scofx: defmidon before stalling the 
project constnjction. It should be a joint elfort between die owner and designer vviiiie 
inciudiiig the contractor in on the major concepts. Baring any contractual agreement, 
there shoidd lie an ojkii line of communication between all die princiiile parties. 
Included in that is die undersUuiding ol ni;uiJigeri;d skills and what consUtutes a design 
error that will elfect the cost and schedule of the project, liie gieatest measure of 
success is the sharing oi infonuadon. Designers should take full control of the review 
[irocess, bodi in-house and out-of-house. .Xdeciuate Ume should lx: given to complete 
die design documents including reviews, field invesdgadons and greater involvement in 
the inspection jirocess. Provide the designer and contractor an avenue to discuss 
problems luid resolve diem widiout intervendon of die owner. It is most surreally dine 
to proper!}’ compensate die designer in bodi dine and monies. Tlie cost of doing 
business is growing every vear and die fx^rcentage for pav’nient has remained die same. 
OVD has not decreased die e.xpenditures but raised diem. In promoting die design 
factor of (juality over dine and cost all parties will create a win-win scenario and ensure 
die liigliest quality of construedon. 
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RECOMMENDA nONS TO REDUCE DESIGN I-:RR0RS 


Owner response 

Raise design lees and lure more (oinpelenl A&Rs. Don’t start 
constmctioii until dorumeiiLs are ready. 

❖ Emi)liasize the importance of proper field investigation. Give exLni 
time and money to perform field investigation. Re(iuest the 
submittal of die A&F/s ciuality control set of dociunents, to i)rove 
tJiey did a (luality check. 

❖ Gse C.\D software that identifies cross discipline coiillicts. A&Es 
must perfonn detailed drawing reviews using a ver\' stiaictured 
ai)|)roach. Owners must identify and communicate their 
reciuirements early in the t)rocess. 

*1* Make die A&E accountable, spend less time reviewing A&Es work 
and give :\&.Es more time to design. 

❖ Better acquisition phumiiig and having die latitude at die local level 
to var>' from die Brooks iVct spending limitations. 

*1^ Assure diat the A&E has a good, documented Quidity Control plan 
and diat it is tailored for each project. Also, assure diat die owner 
has a Quality Assuranc'e plan diat is followed. Also, if die A&E has 
not peribnned adequate Quality Control do not be iilraid to send 
that package back for design. 

Bay better fees. Do a better job of A&E selection. Reward good 
linns widi addidonal work. 

Designer response 

Develop design/coiistruction document review checklists for all j 
disciplines and review prior to document issue, | 

Ensure each discipline has die time and work force to produce die 
project. Require periodic coordination meetings for all disciplines. 

Try^ to confirm diat your client’s expectations meet what die 
designer has contracted to deliver. Proaedvely educate staff. 

Establish QA/QC procedures that are used on every project. 

Review by senior arcliitect of work, budgeting sufficient dine and fee 
to do die job, caudon in making design changes, wridiig good 
contracts. 

Document, document and document. Decisions and direcdoii by 
owner especially widi regard to value engineering items. 

Contractor response 

Communicate goals clearly and concisely. 

Consult widi contractors for pracdcal construedon teclmiques. 

❖ Give designers more money and dme. 


Table 9-E Recommendations to Reduce Design Errors. 
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CONCLUSION 


"Iliere are many iiiitiati\ cs being eonducted to control die growtli of cost and 
schedule witliin die constntction industry, dlic major issue is the “accuracy of die 
drawings,” or the nunilx'r of design en ors, omissions and amhiguitics witliin the phuis 
fuid spccilicadons diat ailect die cjualit}' of the facility. So much emphasis is [ilaced on 
the issue of time and cost that (luality takes a hack seat, llic (luality of the project 
depends on die confoniiancc of the ohjcctivcs and requirements. Tliis is acliieved if 
the owner cstablislies and comniunicatcs the scope of vvork to the designer who dien 
clearly stated diese rciiuirenicnts in the contract documents. An inibniiative (juality 
management teclmiciue will provide an agreement to [irocedures and definitions among 
the {irinciple parties for the project. It is understood diat die more time established in 
the design and bidding phase will lead to a (juality product that will finish within 
schedule and widiin budget, lliis will minimize litigadon and confrontadon. Tlic 
design team should condnually educate diemselvcs with the construedon tecliniques 
perfomied by the contractor and incorporate diat knowledge into die details of die 
project. By integradng quality as die main focus of the design, die design team will be 
required to deal with communicadon between die principle parties, coordinadon of die 
odier disciplines and adequately review the plans and specillcadons before issue. 
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Appendix A 


(Glossary of Terms 


lliis glossary rei)resciils dcllnitions adopted by lire Construction Industry Institute 
in April 1987 and October 1987. 

Change : A directed action altering the currently established reciuirements. Changes 
ina\' enconiptiss Design, Fabrication, Constniction, etc. ;uid inaterially alfect tire 
approved requirements, die basis of design, die existing scojx; of die contract plans tuid 
specilicadons, or operadng capabilip' of die facility. 

Constructability : "Hie best integration of construedon knowledge and experience in 
planning, engineering, procurement ;uid Held o{x;radons to acliieve overall project 
objeedves. 

Cost of Quality : 'llie cost asscxriated with qualip' management activides (prevendon and 
appraisal) plus the cost assiK'iated with deriadons. 

Design FJTecdycness : .\n till encompassing tenii to measure die results of die design 
elfort including input variables and design execudon against die specified e.xpectadons 
of the owner including such criteria as cost, schedule, qualiP’ and odiers explicit of 
implicit in die jiroject objeedves. 

Deviadon : A departure from estalilished reciuirements. A deviadon may be classified 
;ls an imperlecdon, non-conlbmiance, or defect based on its severit)'. 

Error : Any item or aedvity in a system diat is perlbmied incorreedy resuldng in a 
dexiadon, e.g., design error, fabricadon error, construedon error, etc. An error 
reciuires an evaluadon to detennine what correedve acdon is necessaiy. 

Imperlecdon : A deviadon wliich does not alfect die use or perlbniiance of die 
product, process or service. In praedee, imperiecdons are deviadons diat are accepted 
;is-is. 


Non-conformance : A deviadon dial (Kcurs widi a severity sulhcient to consider 
rejecdon of the product, process or service. In some situadons die product, process or 
service may be accepted as-is: in odier situadons it will require correedve acdon. 

Omission : .Any part of a system, including design, construedon and fabricadon, diat 
has been left out resuldng in a deviadon. An omission requires an evaluadon to 
detennine wbat correedve acdon is necessary. 

Project : All diose elements associated widi a facility from inidal concept to linal 
clisfKisidon. 
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Quality : Conformance to established requirements. (Not a degree of goodness) 


Quality Assurance : All those planned or systematic actions necessary to provide 
adequate confidence tliat a product, process or service will confomi to established 
requirements. 

Quality Control : Inspection, test, evaluation or oilier necessaiy action to verify drat a 
product, process or service confoniis to established reciuirements. 

Requirement : A contractually established cbaracteristic of a product, process or 
service. \ characteristic is a physical of chemical properU’, a dimension, a temperature, 
a pressure, or any other specification used to define die nature of a product, jirocess or 
service. 

Scope : W'ork descriiidon and intended operadon of the facility. It sets the basis for 
project plans, budgets, schedules and reference points for later ev aluadon of results :uid 
generally includes: 


Tvpe of project and descripdon of facility 
*1* Basic data availability and data available fonii previous projects 
Primary and secondary objeedves and priorides including costs, 
schedules, capacitv' and product quality 
•t* Descripdon of “state-of-die-art” for new process equipment 
♦t* References on process fluids, materials of constrtredon and tvqx: of 
instrumentation 

*1* Automated sv’Sterii requirements and software development 
Descripdon of any need to alter noniial construedon sequence 
*1* Alternates being considered and potendal impact on scope 
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Appendix B 


Master Report Survey 


dlie riiiversity of Florida Civil Engineering Depaitnieiit is eonducting a survey on the 
(luaiilv' of construction work, as rclatcfl to design errors. "Hiere are research initiatives 
being conducted to reduce die luiinber of design errors and rework on construction 
projects. Our intention is to initiate a linding of acceptable avenues of conlronting ways 
to reduce design errors prior to construction. 

.Vly linn is; Owner 

n Designer 

□ Contractor 

□ Fxliicator 

1. Define Design Errors. 


2. W'ho should [lay for design eirors? 

□ Owner □ Designer □ Contractor 

8. Of 100% of die project changes, what percentage can be attributed to die following? 

_ Rework _Design Errors _Change of Scope _Odier 

(Contractor fclrrors) (Designer) (Owner) 

1. From v our experience, wliat piercentage of all contract changes were caused by 
design errors? 

0 % 50 % 100 % 

I-^-1 

,5. List in order die factors diat control design and construction. 

_ Speed _ Quality _ Odier 

_ Quantitv’ _ Safety 

6. Has the unplementadon of CAD lessened the number of design errors? 

□ Yes □ No _ % change 

7. Has CAD improved production? 

Cl Not at all Cl Somewhat Cl Gready 
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8. VVliat steps lias your iinii taken to reduce design errors? 


!). Wliat do \'ou feel is the major contributing factor to design errors? 


10. Wliat steps cjui you recoininend to reduce tlie number of design errors? 


11. W hat is preventing the parties to a project fonn taking greater steps to reduce 
design eiTors? 


dliaiik you for your ;issistance in compledng tfiis survey. Please feel free to include anv' 
otiier comments you may have on tliis issue. We request that tlie responses 
returned no later lliaii July 3"*. Please return your completed copy to: Dr. C.A. 

Glagloa, University of Florida, Gainesville, FL 32611-6850. You may also e-mail the 
completed survey to cdagflcc.ufl.edu or $eabces3 flaol cotn , or fax to (352) 392-3394. 
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